Mixture of two liquid crystalline components exhibits the antiferroelectric phase in a broad
Introduction
After discovery of chiral antiferroelectric liquid crystals, a lot of new antiferroelectric liquid crystalline compounds have been synthesized. These new liquid crystalline antiferroelectric compounds show various phase and subphase sequences, such as for instance ferroelectric (SmC * ) phase, antiferroelectric (SmC A * ) phase and SmC are antiferroelectric [2] . The unit cell of the SmC A * phase consists of two neighbouring smectic layers in which the molecules are tilted in opposite directions [3] . The dipoles of these layers are nearly antiparallel. This causes a very small net electric polarization. The unit cell of the SmC * b phase consists of four smectic layers. The angle between the tilt directions in the neighbouring layers is close to 90°, so the polarization of adjacent layers nearly cancels in the unit cell [3] .
Among a few other experimental methods, broadband dielectric spectroscopy has often been used to study the molecular relaxation in ferroelectric liquid crystalline materials [1, [4] [5] [6] [7] [8] [9] . The technique enables us to obtain valuable information concerning phase sequences and molecular relaxations in ferroelectric and antiferroelectric liquid crystals.
In this work, the temperature and frequency dependence of dielectric properties of recently synthesized antiferroelectric liquid crystalline mixture has been investigated. The mixture (1:1) of liquid crystalline compounds presented below (which do not exhibit antiferroelectric phase separately) was used for investigations
The investigated compounds were synthesized and the mixture was prepared at the Institute of Chemistry, Military University of Technology in Warsaw [10] . The phase sequence for the two compounds is as follows, Cr® SmA * ®Iso for 1H3B and Cr®SmC * ®SmA * ®Iso for CNH6Bi [10] . It will be shown below that the mixture of the two compounds shows antiferroelectric phase in a broad temperature range near the room temperature. This means that some optoelectronic applications of the mixture investigated might be expected. The mixture also shows selective light reflection in the blue range at the room temperature.
Experimental
The phase sequence in the investigated mixture is as follows [10] Cr®SmC A * ®38-41°C®SmC x * ®66-67.5°C®SmA * ®103°C®Iso. 
SmC
where s 0 is the dc conductivity, De is the dielectric strength, t is the relaxation time, a is the width parameter, b is the asymmetry parameter, and e ¥ is the permittivity for an infinite frequency.
In the type of samples used, two relaxation processes, related to cell relaxations, were often reported to occur. The relaxation processes registered in the high frequency region at about 10 5 Hz and in the low frequency region (at about 10 Hz) are related to ITO layer and Maxwell-Wagner relaxation, respectively [11] . All the presented experimental results were obtained in a cooling process.
Results
The temperature dependencies of the dielectric constant obtained for three various frequencies of a measuring signal are shown in Fig. 1 . The temperature dependencies reflect the phase sequence in the investigated mixture in a cooling process. Analyzing the data shown in Fig. 1 and taking into account the temperature dependence of other dielectric parameters presented in the next part of the article, it is possible to propose the following phase sequence for the investigated mixture in the cooling process SmA * ®66.5°C®SmC x * ®40°C®SmC A * .
In the temperature range between 24°C and 40°C, the SmC A * phase is observed and the dielectric response of this phase is shown in Fig. 2 Figure 5 shows the temperature dependence of the relaxation frequency í R in the SmC A * phase. As shown in the figure, the dielectric mode exhibits Arrhenius-like temperature dependence. The activation energy of the process is equal to 0.93 eV. In the antiferroelectric state, two characteristic modes are usually detected [4] [5] [6] 12] , i.e., the low-frequency antiferroelectric mode P L in the kHz region and P H mode at the higher frequencies. The possible interpretations of these two modes have been presented in details by Pandey et al. [9] . According to the widely accepted interpretation, both these modes are related to collective excitation of molecules called in-phase azimuthal angle fluctuation P L and anti-phase azimuthal angle fluctuation P H as it was proposed by Buivydas et al. [4] . It seems that the relaxation mode, registered in the present work in the antiferroelectric phase, is related to the low frequency mode P L . The activation energy of this mode shown in Fig. 5 is in a good agreement with the activation energy DE A = 0.93 eV obtained for a compound similar to MHPOBC [13] and DE A = 1.01 eV for a chlorinated version of MHPOBC [12] . Surprisingly, in the temperature range between 40°C and 66.5°C, no dielectric mode related to typical molecular relaxations was observed. The phase registered in this temperature range was marked as SmC x * in the phase sequence presented above. The absence of any molecular dielectric mode in the wide temperature range below SmA * (but not in the vicinity to SmA * phase transition, where a soft mode is usually present) was observed by Kundu et al. [13] . According to the authors, the lack of dielectric mode in the temperature range below SmA * phase results from negligibly small net polarization between adjacent layers because in this temperature region the helical pitch is very large and in consequence the mode cannot be detected with a broadband dielectric spectroscopy. Additionally, it is possible that, in our case, the ITO peak can cover the molecular relaxation which cannot be detected in this way. In this situation, we cannot be sure on the basis of the dielectric measurements that the phase transition does take place at 40°C. However, observation of the temperature dependence of selective light reflection in the investigated mixture (see Opto 6) shows that above the temperature of 40°C no selective reflection was observed, which confirms that we have to do with the phase transition at this temperature. Moreover, careful examination of the temperature dependence of a dielectric constant ( Fig. 1 ) and microscopically observed changes of a texture suggest that the phase registered in the temperature range between 40°C and 66.5°C may be some kind of a smectic chiral phase with antiferroelectric properties. Similar results were observed by Lagerwall et al. [1] in MHPOBC in the SmC * b subphase obtained on cooling from SmC * a subphase, where no dielectric mode in the SmC * b subphase was interpreted as a result of the antiferroelectric ordering of molecules in this phase. In this situation, it may be suggested that the phase SmC x * observed in the investigated mixture is in fact the SmC * b subphase. If the mixture is cooled from SmA * phase to the chiral smectic C phase, the soft mode appears (Fig. 7) . In the vicinity to SmA * phase transition, at both sides of the phase transition, well defined soft mode was detected with the dielectric strength Äå »10 and the relaxation frequency in the range 20-50 kHz. The temperature dependencies of both the relaxation frequency and dielectric strength of this mode are shown in Fig. 7 . The inverse of dielectric strength vs. temperature defines the temperature of a phase transition and follows the Curie-Weiss law as shown in Fig. 8 . The same temperature dependence of a soft mode was observed for another antiferroelectric LC compound similar to MHPOBC [13] .
Conclusions
In the SmC A * phase of the investigated mixture, well defined relaxation process in kHz region was detected. This is probably one of collective modes existing in the antiferroelectic phase, so-called low frequency P L mode. The P L relaxation mode is considered to be related to in-phase azimuthal angle fluctuation of the directors in the anti-tilted molecular pairs. This process is Arrhenius-like with the activation energy ÄE A = 0.93 eV. The absence of any dielectric absorption, related to molecular motions in the SmC x * phase, registered in the temperature range 40°-66.5°C was detected. This might suggest that we have to do with SmC * b antiferroelectric phase in which net polarity is negligible because the polarization of adjacent layers cancels.
In the vicinity to SmA SmC * * -x phase transition, the soft mode was registered. As expected, the temperature dependence of its dielectric strength follows the Curie-Weiss law.
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